Al for Decision Support System 27.01.21, 10:35

Dear participant,

Welcome to the study on understanding the explainability and comprehensibility of different machine learning

models.
Parts of our study are implemented with JavaScript. If deactivated, we kindly recommend to reactivate it for the

study. Furthermore, please use full-screen mode.

Approx. time: 15 min.

You can start the survey by clicking on ">>" at the bottom-right of this page.
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Please specify your gender.

male
female
diverse

no answer

Please specify your age.

<20
20-30
31-40
41-50
51-60
>60

Nno answer

Please specify your location.

Africa

Asia

Europe

North America
South America

Oceania

Please specify your experience with artificial intelligence.

none
<2yrs
2-5yrs
6-10yrs
> 10 yrs
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Please specify your general degree of trust in artificial intelligence solutions.

very low low medium high very high

Please specify your willingness to accept artificial intelligence at your workplace.

very low low medium high very high

Please specify your willingness to take risks.

very low low medium high very high
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What are we going to do?

1. Presentation of Use Cases

2. Presentation of ML Types

3. Perception of ML Types

%, Algorithm

¥ m—

/E Explanation

Z Overall

F + 0
00 QOO

You will be presented with one real world
use case, where you need to decide for an

To support your decision, you will
receive an introduction to each Al-

Each use case is about your
perception of each ML model's

Al-based decision support system to assist based system with its algorithm explanatory goodness.
you. and result presentation.
What is ,,Machine Learning“ (ML)?
3
ML Algorithm
Manufacturing (2)
(1) year - '
egression.
= @ Price (4)
= Train Model
KM driven
(7)
Prediction Result:
(6)

Unclassified Data

Unclassified car/data is fed to the model in order to estimate

1) Collection of car pictures is used as data source 5)
2) Subset of data is classified manually (training data) according sell price
to different features like KM driven or manufacturing year 6) Model predicts sell price
3) ML algorithm to be trained with training data is chosen 7) Result of the prediction is $34.542
4) Trained model based on ML algorithm can now predict car prices

What to know about ML-based explanations?

Important information about ML-based explanations

1) Complex dataset
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2) Pre-processing |:>

3) Training & Prediction
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4) Visualization
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1) ML models analyze complex issues in high-dimensional datasets

2) Normally a cleansing of the data set takes place. For example, this involves replacing
unrealistic or missing values.

3) The pre-processed dataset is used for training ML models as well as for predicting new results

4) The resulting visualization is a plot of the model’s decision logic for the respective case
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Use Case: Inspection and Maintenance of Turbofan Engines

Combustor NI

Fan

LPC HPC N2

Metadata
\

LPT

Please put yourself in the situation of a maintenance employee of airplane
turbines confronted with the following scenario:

Your company is an international airline. At one of the airline's most frequently
used airports, you as an aviation maintenance expert are responsible for
releasing the airplanes turbines for their next flight. Due to the high cost of
grounded airplanes, you have to work fast and accurate.

All aircraft turbines have been monitored by several sensors during flights so
that each has its individual wear data-trace. Over time, this data was combined
with estimations of experts for the turbines respective remaining useful life
("RUL"). In this case, this is the number of flight cycles left before the turbine fails.
There are different flight conditions (settings 1-3) and measured sensor values
(s1-s21) (see the dataset below).

Sensor values
\

cycle settingl setting2

135 0.258621 0.166667 0.0

95 0.632184 0.250000 0.0

2 0.396552

0.416667 0.0

setting3 s1 s2

0.0 0.493976
0.0 0.256024
0.0 0.201807

X s4 s13 s14 s15 s16

0.699885 0.0

s17 s19 s20 s21

0.332025 0.545409 . 0.441176 0.168284 0.583333 0. 0.0 0.527132 0.388567

0.542402 0.342674 . 0.294118 0.235267 0.404002 0.0 0.583333 0. 0.0 0.434109 0.512289

0.482232 0.284774 . 0.279412 0.141449 0.376683 0.0 0.416667 0. 0.0 0.527132 0.364678

To facilitate turbine inspection in the future, an Al-based decision support system shall be selected to automate this process step.
Therefore, this dataset of sensor measurements per turbine is loaded into the Al-based decision support systems to learn the
underlying relationships and then identify automatically where turbines are fit to fly based on their features.

Objective: determine if turbines need to be maintained before the flight
Criticality: high-stake, possible airplane crash with loss of human life
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Presentation of Study Design

In the following you will be given information on different ML models. You should rate them regarding their explanatory
goodness. Assume a uniform performance of all ML models.

Machine Learning Model . .
Algorithm Explanation: The
explanation of the heart of the ML
Algorithm Explanation &j model — it is the logical foundation
for its decision making.

. A2 Decision Explanation: The ML
DeC|S|O_n @\ [J| models (graphical) explanation
Explanation == for the respective case.

@ graphical result

In many cases, a mouse-over on
the image can be used to zoom

The presented explanations are good. | n

| | | « Your perception to the
explanatory goodness of

the model
Please provide your answers only with respect to the presented use case!

<< >>

IIl“l;‘r.'l\iximi’.i'.il‘ﬁ- . ;f' @ "' = ’ 3 4 !
UNIVERSITAT . » g 2 Wl o
WURZBURG adbe > v

Lukas-Valentin Jonas Prof. Dr. Franz Seubert Prof. Dr.
Herm Wanner Christian Janiesch Axel Winkelmann




W/
W/

33%

Julius-Maximilians-

UNIVERSITAT
WURZBURG

General Introduction: Algorithm of Decision Trees

Feature A <x

Feature
B

Feature B <y

Feature
C

Feature C<z

Feature B >y

Feature C >z

| 1003 | |255.2 | | 1703 | | 104.2 |

A decision tree represents a tree-like model of decisions and their possible consequences. It is an algorithm that only
Foaturs A>x contains conditional control statements.

The algorithm calculates a hierarchical decision construct of its conditional control statements to minimize the amount of
incorrect classified training cases.

In the example on the left side, the output of the inserted turbine would be 170.3 according to feature A and C of the
inserted turbine data (marked red).

Result for Remaining Useful Lifetime of Turbine

Feature Importance of all observations:

The decision tree as well as the related relative feature importance of all observations is
shown. The features of the inserted data are used to predict the result.

£
i)
settlngsg
55
4 Result: 104.87
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Rate the following statement: "The presented explanations are good."
Please consider both, your perceived explanatory goodness of the algorithm's decision logic and its result.
Strongly |disagree Disagree More or less disagree Undelcided More or less agree Agree Stronglfx Agree
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General Introduction: Algorithm of Random Forest

@ A random forest is a method consisting of several uncorrelated decision trees also called estimators. A decision tree
] T represents a tree-like model of decisions and their possible consequences. It is an algorithm that only contains conditional
S S S5 control statements. The algorithm calculates a hierarchical decision construct of its conditional control statements to
Jiik}&\ R Jiik\}&, minimize the amount of incorrect classified training cases. All decision trees have grown under a certain type of
V randomization during the learning process.
o) For a prediction, each tree in that forest makes a decision, according to the features, and the mean of all decision
v determines the final result. In the example on the left side, the output would be the prediction of the RUL for one turbine.
Prediction RUL
Result for Remaining Useful Lifetime of Turbine
Below the random forest as well as the related relative feature importance is shown. The random forest consists of 100 estimators. Hereby the first three estimators are
presented.
Estimator1: ° \
o)
i posivey G i “w
7 — ] A —
ee d 7 ) )
- . -8 - T o L
. - - . i “*‘h « & i b P . - Sl . — ®
» g & # - - ~ * ¥ ) ‘V & * b & & - $ 3 " ) 2 & - - - - - \ ; &
Feature Importance of all observations:
S Estimator 2:
B +
% Count ¢l
51§ ° |:> Estimators ass _ Result:
i Estimator 3: ‘ 100 RUL  104.87 104.87
sef glis% + B » 7
SlD(IJ(J 065 010 015 DﬁO 025 .

Rate the following statement: "The presented explanations are good."
Please consider both, your perceived explanatory goodness of the algorithm's decision logic and its result.

Stronglyldisagree Disagree More or less disagree Undeicided

More or less agree

Aglree Stronglr Agree
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General Introduction: Algorithm of Support Vector Machines (SVM)

The SVM algorithm receives data with n-features, which are represented as a n-dimensional vector,
whereby the individual features are assigned to a class.

Based on the vector space, the algorithm determines the optimum dividing hyperplanes (blue) between
the features, where the distance (margin) to the nearest points of the other class should be maximized.
This wide, empty border later ensure that even objects that do not correspond exactly to the training objects
are classified as reliably as possible.

The hyperplanes classify the RUL of a turbine according to its various features. When a particular turbine is
inserted into the SVM, the SVM predicts the RUL.

Result for Remaining Useful Lifetime of Turbine

In order so show the explanation for the decision, multiple pairwise comparisons of two features according to the RUL is shown below. This is
done for every possible feature combination.
1 SVM SVM SVM
... for every
2 8 g Feature
g + + combination
s Result:
104.87
200 250 300 200 250 300 -0.5 0.0 05 1.0 15
Cycle Cycle Sensor 14
Legend: @ O
RUL =0 RUL =140
i
|
Rate the following statement: "The presented explanations are good."
Please consider both, your perceived explanatory goodness of the algorithm's decision logic and its result.
Strongly |disagree Disagree More or less disagree Undecided More or less agree Agree Stronglf/ Agree
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General Introduction: Algorithm of Artificial Neural Networks (ANN)

i ; h,

Input 1

7

X

0

@

W/ ‘ “ AN A N\
‘g Input 2 2"47 “;‘17 ‘ ‘:““‘7
g Noedhedlh

Input layer | Hidden layers : Output layer An artificial neural network (ANN) is an information processing paradigm that is inspired by the way the

hs b 0 biological nervous system such as a human brain processes information.

The algorithm is composed of a large number of highly interconnected processing elements (neurons)
working in unison to solve a specific problem. The input layer receives new cases, which are calculated,
RUL through different mathematical operations, within the hidden layers.

"

)
0&
In the example on the left side data from a turbine is forwarded to the ANN. Using many calculations in

different layers, the model estimate the RUL. The processing of the hidden layers is typically neither
accessible nor helpful to the user.

Result for Remaining Useful Lifetime of Turbine

Black box:

no visualization available

The model predicts 104.87 without any explanation.

Result: 104.87

Rate the following statement:

"The presented explanations are good."

Please consider both, your perceived explanatory goodness of the algorithm's decision logic and its result.

Strongly |disagree

Disagree More or less disagree Undecided More or less agree Agree Stronglf/ Agree
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General Introduction: Algorithm of Linear Regression

Sensor 1

the calculated “regression line”.

¢ .
J Brror term
.

RUL for a turbine.

Sensor 2

L Linear regression is a statistical procedure that attempts to explain an observed dependent variable (RUL)
S by one or more independent variables/features (e.g., Cycle, Sensor 1,..).

. A In linear regression, a linear model is assumed. Thus, only those correlations are used, in which the
dependent variable is a linear combination of the regression coefficients (but not necessarily of the
independent variables). The algorithm tries to minimize the deviation ( ) of the known cases from

In the example on the left, according to the features Sensor 1 and Sensor 2 the model predicts the actual

Result for Remaining Useful Lifetime of Turbine

is shown below. This is done for every possible variable's combination.

—— Linear Regression — Linear Regression
e Other Turbines e Other Turbines

190.0
187.5
"185.0
182.5RUL
180.0
1775
175.0
1725

In order so show the explanation for the decision, multiple pairwise comparisons of two independent variables according to the dependent one

—— Linear Regression
e Other Turbines

... for every Feature
combination

Result: 104.87

Rate the following statement: "The presented explanations are good."
Please consider both, your perceived explanatory goodness of the algorithm's decision logic and its result.

Strongly |dis.agree Disagree More or less disagree Undecided

More or less agree Agree Stronglfx Agree
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General Introduction: Algorithm of Artificial Neural Networks (ANN)

Input lay

: O O
/
\‘0»0 , “A

(,“
W W/®

Output layer

An artificial neural network (ANN) is an information processing paradigm that is inspired by the way the biological

nervous system such as a human brain processes information.

The algorithm is composed of a large number of highly interconnected processing elements (neurons)
in unison to solve a specific problem. The input layer receives new cases, which are calculated, through
mathematical operations, within the hidden layers.

In the example on the left side data from a turbine is forwarded to the ANN. Using many calculations in

to the user.

layers, the model estimate the RUL. The processing of the hidden layers is typically neither accessible nor helpful

working
different

different

Result for Remaining Useful Lifetime of Turbine

Feature importance of all observations:

ocle [
id I
12 [
7 I
o I
ey
s [
s20 [N
s+ [
s [
< [l
ss [l
s15 [l
s13 i
s17
sl
settingl
setting2 |

Y |

cyclenorm | wm class 0

o 5 10 15 2 %
mean(|SHAP value|) (average impact on model output magnitude)

On the left side, the mean global influence of the different features within the dataset in percent is

On the right side, the features with the influence (positive: red, negative: blue) on a specific prediction
(model output value) based on the mean of all predictions (base value) in the dataset are presented.

higher 2 lower Result: 104.87

model output value

104.87
100 110 120 130 140 150

ase value

shown.

) ) . ( _____( _( ({

s14 s4 s12 s9 cycle id s21 s7 s11

Strongly |dis.agree

Disagree

Rate the following statement: "The presented explanations are good."
Please consider both, your perceived explanatory goodness of the algorithm's decision logic and its result.

More or less disagree Undelcided More or less agree Aglree

Stronglf/ Agree
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General Introduction: Algorithm of Support Vector Machines (SVM)

The SVM algorithm receives data with n-f , which are
whereby the individual features are assigned to a class.

Based on the vector space, the algorithm determines the optimum dividing hyperplanes (blue) between
the features, where the distance (margin) to the nearest points of the other class should be maximized.
This wide, empty border later ensure that even objects that do not correspond exactly to the training objects
are classified as reliably as possible.

The hyperplanes classify the RUL of a turbine according to its various features. When a particular turbine is
inserted into the SVM, the SVM predicts the RUL.

p! d as a n-dimensional vector,

Result for Remaining Useful Lifetime of Turbine

In order so show the explanation for the decision, multiple pairwise comparisons of two features according to the RUL is shown below. This is
done for every possible feature combination.

SVM

.. for every
g Feature
H combination
Result:
104.87
05 15
Sensor 18
egend:@— O
RUL=0 RUL =140
General Introduction: Algorithm of Random Forest
A random forest is a method isting of several decision trees also called estimators. A decision tree
represents a tree-like model of decisions and their possible consequences. It is an algorithm that only contains conditional
control statements. The algorithm calculates a hierarchical decision construct of its conditional control statements to
minimize the amount of incorrect classified training cases. All decision trees have grown under a certain type of
randomization during the learning process.
For a prediction, each tree in that forest makes a decision, according to the features, and the mean of all decision
¥ determines the final result. In the example on the left side, the output would be the prediction of the RUL for one turbine.
Predicion RUL
Result for ining Useful Lifetime of Turbine
Below the random forest as well as the related relative feature importance is shown. The random forest consists of 100 estimators. Hereby the first three estimators are
presented.
Estimator1: W
L]
B -
Songoiin ot | - an
iy ] - (-
. .
. . & - vtk L - -
- " A wols - 2 - 4 Heall - ~ - s
R e T T T O B T e e T P s i T T . o de o de] e
°
Estimator 2:
+
Coun ¢
. = Estimators lass _ Result:
Estimator 3: R RUL  104.87 104.87
N o .
.

General Introduction: Algorithm of Artificial Neural Networks (ANN)

Input layer Hidden layers Outpat layer
‘ b A o

An artificial neural network (ANN) is an information processing paradigm that is inspired by the way the biological
nervous system such as a human brain processes information.

/‘\\4“\ The algorithm is composed of a large number of highly i (neurons) working

° Ioput2 " W’ 7 " in unison to solve a specific problem. The input layer receives new cases which are calculated, through different
’ " “" ® ‘\ : mathematical operations, within the hidden layers.

/\ A In the example on the left side data from a turbine is forwarded to the ANN. Using many calculations in different

layers, the model estimate the RUL. The processing of the hidden layers is typically neither accessible nor helpful
to the user.

Result for Remaining Useful Lifetime of Turbine

Feature importance of all observations: On the left side, the mean global influence of the different features within the dataset in percent is shown.

On the right side, the features with the influence (positive: red, negative: blue) on a specific prediction
(model output value) based on the mean of all predictions (base value) in the dataset are presented.

higher 2 lower Result: 104.87

104.87
100 10 120 130 10 150

wmry ) ) 1 ( ____( __( (|

14 4 s12 9 ycle

id 21 7 s11

General Introduction: Algorithm of Decision Trees

A decision tree represents a tree-like model of decisions and their possible consequences. It is an algorithm that only
DN e contains conditional control statements.

The algorithm calculates a hierarchical decision construct of its conditional control statements to minimize the amount of
incorrect classified training cases.

In the example on the left side, the output of the inserted turbine would be 170.3 according to feature A and C of the
1703 inserted turbine data (marked red).

Result for Remaining Useful Lifetime of Turbine

Feature Importance of all observations:

The decision tree as well as the related relative feature importance of all observations is
shown. The features of the inserted data are used to predict the result.

Result: 104.87

- £ Mk i el et Msaalth - -

General Introduction: Algorithm of Artificial Neural Networks (ANN)

General Introduction: Algorithm of Linear Regression

Input layer Hidden layers Output layer An artificial neural network (ANN) is an information processing paradigm that is inspired by the way the
g P biological nervous system such as a human brain processes information.

"/’A\//“\\//A\ _Gupy 1. The algorithm is composed of a large number of highly i i (neurons)
‘ ""’ "" “ ( working in unison to solve a specific problem. The input layer receives new cases, which are calculated,
""A Al‘ ‘\ H through different mathematical operations, within the hidden layers.

In the example on the left side data from a turbine is forwarded to the ANN. Using many calculations in
different layers, the model estimate the RUL. The processing of the hidden layers is typically neither
accessible nor helpful to the user.

Linear regression is a statistical procedure that attempts to explain an observed dependent variable (RUL)
by one or more independent variables/features (e.g., Cycle, Sensor 1,..).

In linear regression, a linear model is assumed. Thus, only those correlations are used, in which the
dependent variable is a linear combination of the regression coefficients (but not necessarily of the
independent variables). The algorithm tries to minimize the deviation (crror term) of the known cases from
the calculated “regression line”.

In the example on the left, according to the features Sensor 1 and Sensor 2 the model predicts the actual
RUL for a turbine.

Sensor 1

Sensor 2

Result for Remaining Useful Lifetime of Turbine

Result for Remaining Useful Lifetime of Turbine

The model predicts 104.87 without any explanation.

Black box:
no visualization available

Result: 104.87

In order so show the explanation for the decision, multiple pairwise comparisons of two independent variables according to the dependent one
is shown below. This is done for every possible variable's combination.

— Linear Regression — Linear Regression — Linear Regression
o Other Turbines o Other Turbines o Other Turbines

b1s00 Fisoo
8 215

.. for every Feature
combination

Result: 104.87

04
05
Setng}” 06

Overall, which model with its related explanation would you choose as Al-based support system?

lChoose #J
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Assignment

In the following, you will have to solve tasks on the comprehensibility of the presented ML algorithms and their predictions

according to the shown use case. The structure of this assignment is shown below.

Use Case

o
S

Algorithm & Prediction

I B2

Task Type 2: Open Task

How does A relate to C, D and E?

Task Type 1: Single Choice Task

Does A have a high influence in comparison to B?

Choice 1

Assignment

Choice 2

Choice 3

I<I

X

Task Type 3: Cloze Task

In this sentence __ words are

First missing word: |

Second missing word: |
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Use Case: As reminder,
the use case is shown

again.

Algorithm and Prediction:
The heart of the ML model
and the decision of it — as
shown before.

Assignment:

In order to check, if the Al-
based system can help to
solve tasks, we kindly ask
you to answer 6 questions
in total.
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Intro Assignment:

On the basis of your decision, your supervisor is requesting you to explain the models decision to him. To simplify this, the case as well as the model and the
related explanation of your choice are shown once again.

Please read both of them again carefully. On the following page you will be interviewed on this subject. The tasks are used to satisfy their supervisor.

Use Case: Inspection and Maintenance of Turbofan Engines

Please put yourself in the situation of a maintenance employee of airplane

Combustor N1 LPT turbines confronted with the following scenario:

Your company is an international airline. At one of the airline's most frequently
used airports, you as an aviation maintenance expert are responsible for
releasing the airplanes turbines for their next flight. Due to the high cost of
grounded airplanes, you have to work fast and accurate.

4 \ Nozzle All aircraft turbines have been monitored by several sensors during flights so

| fiem that each has its individual wear data-trace. Over time, this data was combined

LPC HPC N2 with estimations of experts for the turbines respective remaining useful life
("RUL"). In this case, this is the number of flight cycles left before the turbine fails.
There are different flight conditions (settings 1-3) and measured sensor values
(s1-s21) (see the dataset below).

Metadata Sensor values
\ \

cycle settingl setting2 setting3 s1 s2 s3 s4 s5 .. s13 s14 s15 s16 s17 s19 s20 s21

135 0.258621 0.166667 0.0 0.0 0.493976 0.332025 0.545409 0.0 .. 0.441176 0.168284 0.699885 0.0 0.583333 0. 0.0 0.527132 0.388567
85 0.632184 0.250000 0.0 0.0 0.256024 0.542402 0.342674 0.0 ... 0.294118 0.235267 0.404002 0.0 0.583333 0. 0.0 0.434109 0.512289
2 0.396552 0.416667 0.0 0.0 0.201807 0.482232 0.284774 0.0 .. 0.279412 0.141449 0.376683 0.0 0.416667 0. 0.0 0.527132 0.364678

To facilitate turbine inspection in the future, an Al-based decision support system shall be selected to automate this process step.
Therefore, this dataset of sensor measurements per turbine is loaded into the Al-based decision support systems to learn the
underlying relationships and then identify automatically where turbines are fit to fly based on their features.

Objective: determine if turbines need to be maintained before the flight
Criticality: high-stake, possible airplane crash with loss of human life

General Introduction: Algorithm of Support Vector Machines (SVM)

-t o The SVM algorithm receives data with n-features, which are represented as a n-dimensional vector,
9 . whereby the individual features are assigned to a class.

o : = W, Based on the vector space, the algorithm determines the optimum dividing hyperplanes (blue) between
: the features, where the distance (margin) to the nearest points of the other class should be maximized.
l This wide, empty border later ensure that even objects that do not correspond exactly to the training objects
' %y ] are classified as reliably as possible.

e .~ The hyperplanes classify the RUL of a turbine according to its various features. When a particular turbine is
o inserted into the SVM, the SVM predicts the RUL.

Result for Remaining Useful Lifetime of Turbine

In order so show the explanation for the decision, multiple pairwise comparisons of two features according to the RUL is shown below. This is
done for every possible feature combination.
Sym ) SN S
10 ... for every
Feature
31 combination
o) Result:
104.87
Legend: @ O
RUL=0 RUL = 140
Does sensor 5 have an influence on the RUL of a turbine?
©) Yes
O No
() No information provided
Does sensor 14 have a positive or negative influence on the RUL for this prediction?
) Yes
O No
() No information provided
<< >>
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Assignment Task (2/3)

Use Case: Inspection and Maintenance of Turbofan Engines

Please put yourself in the situation of a maintenance employee of airplane

Combustor NI turbines confronted with the following scenario:

\ Your company is an international airline. At one of the airline's most frequently
used airports, you as an aviation maintenance expert are responsible for
releasing the airplanes turbines for their next flight. Due to the high cost of

grounded airplanes, you have to work fast and accurate.

All aircraft turbines have been monitored by several sensors during flights so
that each has its individual wear data-trace. Over time, this data was combined

\ Nozzle
HPT

LPC HPC N2 with estimations of experts for the turbines respective remaining useful life
("RUL"). In this case, this is the number of flight cycles left before the turbine fails.
There are different flight conditions (settings 1-3) and measured sensor values
(s1-s21) (see the dataset below).

Metakdata Sensorkvalues

s2
0.0 0.493976

s3
0.332025

s4 s13

0.441176

s14 s15 s16 s17 s19 s20

0.527132

s21
0.388567

cycle settingl setting2 setting3 s1

135 0.258621 0.166667 0.0 0.545409 0.168284 0.699885 0.0 0.583333 0.0

95 0.632184 0.250000 0.0 0.0 0.256024 0.542402 0.342674 0.294118 0.235267 0.404002 0.0 0.583333 0.0 0.434109 0.512289

2 0.396552

0.416667 0.0 0.0 0.201807 0.482232 0.284774 0.279412 0.141449 0.376683 0.0 0.416667 0.0 0.527132 0.364678

To facilitate turbine inspection in the future, an Al-based decision support system shall be selected to automate this process step.
Therefore, this dataset of sensor measurements per turbine is loaded into the Al-based decision support systems to learn the
underlying relationships and then identify automatically where turbines are fit to fly based on their features.

Objective: determine if turbines need to be maintained before the flight
Criticality: high-stake, possible airplane crash with loss of human life

General Introduction: Algorithm of Support Vector Machines (SVM)

The SVM algorithm receives data with n-features, which are represented as a n-dimensional vector,
whereby the individual features are assigned to a class.

Based on the vector space, the algorithm determines the optimum dividing hyperplanes (blue) between
the features, where the distance (margin) to the nearest points of the other class should be maximized.
This wide, empty border later ensure that even objects that do not correspond exactly to the training objects
are classified as reliably as possible.

The hyperplanes classify the RUL of a turbine according to its various features. When a particular turbine is
inserted into the SVM, the SVM predicts the RUL.

Result for Remaining Useful Lifetime of Turbine

ISP S

done for every possible feature combination.
SVM

In order so show the explanation for the decision, multiple pairwise comparisons of two features according to the RUL is shown below. This is

SVM SVM

Setting 1
Sensor 12

200 250 300 0 50

... for every
o Feature
+ ¢ combination
os Result:
104.87
100 150 200 250 300 —05 0.0 05 1.0 15
Cycle Sensor 14
Legend: @ O
RUL=0 RUL =140

Explain the influence of sensor 12 on the RUL for the prediction of the specific turbine, in comparison to the other turbines.

You are interested in buying a private aircraft. Sadly, you can only afford a used one. Nevertheless, you know very well that in many aspects (e.g.
in terms of turbines orabrasion) small aircrafts behave similar to larger ones. Therefore, would you look closer at the sensor values or the metadata

when purchasing an aircraft?

<<

Julius-Maximilians-

UNIVERSITAT
WURZBURG

AN

Franz Seubert

=
-
=
Lukas-Valentin
Herm

Prof. Dr.
Christian Janiesch

Jonas
Wanner

>>

4‘

o

Prof. Dr.
Axel Winkelmann




W/
W/

89%

Julius-Maximilians-

UNIVERSITAT

WURZBURG

Assignment Task (3/3)

The following questions should be completed without assistance. Therefore, please do not click on back.

Fill in the missing words of the following sentence in the different textfields below.

' The explanations of the models show how the different

First missing word:

Second missing word:
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Retrospective evaluation:

In the following, you will see your personal favorite once again for the sake of recollection.

General Introduction: Algorithm of Support Vector Machines (SVM)

The SVM algorithm receives data with n-features, which are represented as a n-dimensional vector,
whereby the individual features are assigned to a class.

Based on the vector space, the algorithm determines the optimum dividing hyperplanes (blue) between
the features, where the distance (margin) to the nearest points of the other class should be maximized.
This wide, empty border later ensure that even objects that do not correspond exactly to the training objects
are classified as reliably as possible.

The hyperplanes classify the RUL of a turbine according to its various features. When a particular turbine is
inserted into the SVM, the SVM predicts the RUL.

Result for Remaining Useful Lifetime of Turbine

In order so show the explanation for the decision, multiple pairwise comparisons of two features according to the RUL is shown below. This is
done for every possible feature combination.

SVM SVM SVM

1.5

1.51 15

1.0

1.04 1.0

... for every

Feature
combination

0.5 1

Setting 1

0.5 0.5

Sensor 12
Sensor 21

0.0 00

Result:
104.87

0.0

_051 -0.5

100 150 200 -0.5 0.0 0.5 1.0 1.5
Cycle Sensor 14

Legend: @ O
RUL =0 RUL =140

After you have answered the questions beforehand and thought critically about your selection:

What do you miss within the explanations, in order to feel confident in using this model as support system?
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Thanks for your participation.

Please find your referral link to prolific.co here: Bl
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